Pulmonary hypertensive crises are a significant cause of perioperative mortality after open-heart surgery in infants and children with increased pulmonary vascular resistance. Patients with increased pulmonary blood flow, eg. truncus arteriosus, atrioventricular septal defect, are a particular risk 1 . Continuous monitoring of pulmonary artery pressure allows early recognition of the problem and is used to guide vasodilator therapy and to determine the timing of weaning from ventilation. Transthoracic pulmonary artery catheters are practical but have a significant incidence of complications, e.g. bleeding, on removal 2 . Swan-Ganz catheterization is technically difficult and time-consuming in small infants. In this study we evaluated the safety and efficacy of pulmonary artery pressure monitoring lines inserted percutaneously via the internal jugular vein and guided into the pulmonary artery by the cardiac surgeon during the operation.
Pulmonary hypertensive crises are a significant cause of perioperative mortality after open-heart surgery in infants and children with increased pulmonary vascular resistance. Patients with increased pulmonary blood flow, eg. truncus arteriosus, atrioventricular septal defect, are a particular risk 1 . Continuous monitoring of pulmonary artery pressure allows early recognition of the problem and is used to guide vasodilator therapy and to determine the timing of weaning from ventilation. Transthoracic pulmonary artery catheters are practical but have a significant incidence of complications, e.g. bleeding, on removal 2 . Swan-Ganz catheterization is technically difficult and time-consuming in small infants. In this study we evaluated the safety and efficacy of pulmonary artery pressure monitoring lines inserted percutaneously via the internal jugular vein and guided into the pulmonary artery by the cardiac surgeon during the operation.
METHODS
The study was approved by the institutional ethics committee and parental consent was obtained before performance of the procedure. All the patients in this study had severe pulmonary hypertension preoperatively or this was expected to complicate the postoperative course. For the purpose of continuous measurement of pulmonary artery pressure, pulmonary artery monitoring lines were placed percutaneously in the following manner.
After anaesthetic induction and endotracheal intubation, the right internal jugular vein was identified with an intravenous cannula (Venflon 2, 22 gauge/ 25 mm or 20 gauge/32 mm, BOC Ohmeda, Helsingborg, Sweden) and then cannulated with a hydrophilic hydromer coated polyurethane catheter (Hydrocath central venous catheter 22 gauge/10 cm or 20 gauge/15 or 20 cm, Ohmeda, Swindon U.K.) 
SUMMARY
Pulmonary hypertensive crises (PHC) are a recognized cause of sudden clinical deterioration and death after the surgical correction of congenital heart disease. In this study, pulmonary artery pressure was monitored in 84 children (at high risk to develop PHC) aged nine days to five years (mean 1.4 years) using monitoring lines inserted percutaneously through the right internal jugular vein (IJV). Success rate of placement of the catheter tip in the pulmonary artery (PA) in the pre-incision period was not high (7%) but all catheter-tips were successfully placed in the PA by the surgeon before right atrial closure prior to separation from cardiopulmonary bypass. Complications related to the technique were transient ventricular/atrial arrhythmias (78.5%) during insertion and slipping or coiling (20%) of the catheter in the right ventricle. Complications relating to the IJV puncture included carotid arterial puncture 1 and pneumothorax 1 . No other complications were encountered. Monitoring lines inserted percutaneously and guided into the pulmonary artery during surgery provide a safe and practical way of monitoring pulmonary artery in infants and children at risk of postoperative pulmonary hypertensive crises.
using the Seldinger technique. The full length of the catheter was inserted at this stage under sterile conditions. This was to make it unnecessary for the surgeon to pull in a further length of catheter during its positioning in the pulmonary artery. All catheters were inserted by the first author.
The pulmonary artery pressure monitoring line was connected to a pressure transducer but no attempt was made at this stage to direct the catheter tip into the PA. The central venous or right atrial pressure was monitored by a separately inserted right internal jugular vein catheter in larger infants and children or by a femoral venous catheter in small infants and neonates.
After the surgical repair, when the cardiac chambers were still open and before the termination of cardiopulmonary bypass, the pulmonary artery line was adjusted by the surgeon to position its tip in the pulmonary artery. Care was taken to avoid inclusion of the catheter in the sutures used to close the cardiac chambers. Prior to the closure of the chest, the patency and function of the line was confirmed and the external end of the catheter was sutured to the skin. The position of the pulmonary artery line was further checked postoperative by chest X-ray. Pulmonary artery pressure was monitored continuously by a pressure transducer and the line was flushed intermittently with heparinized saline solution. Standard catheter care protocol was observed in the intensive therapy unit (ITU). Treatment was initiated and modified, based on pulmonary artery pressure measurements and mixed venous oxygen saturations (S v O 2 ). The pulmonary artery line was removed electively some period after discontinuation of mechanical ventilation irrespective of the presence of a chest tube drain. The incidence of complications related to the pulmonary artery line was noted and analysed.
RESULTS
A total of 84 patients over a period of two years had the percutaneous insertion of the pulmonary artery catheter by this method. All patients were considered to be at high risk of development of pulmonary hypertensive crises postoperatively.
The demographic and other data are shown in Table 1 . The preoperative diagnoses of the patients are shown in Table 2 . After establishing CPB and during intracardiac repair, the majority of the pulmonary artery catheters were found coiled in the right atrium (63 out of 84): some were coiled in the right ventricle, (15 out of 84) and some reached the pulmonary artery (6 out of 84). Before closure of the cardiac chambers, the catheter tip was positioned by the surgeon so as to place it in the pulmonary artery. The time taken to insert the line varied from five to ten minutes and this did not unduly extend the period of surgery. A successful pulmonary artery pressure reading was obtained in all cases. The operating surgeons were not inconvenienced by the presence of an extra monitoring line in the operating field, and avoidance of the need to place a transthoracic monitoring line was considered advantageous. Complications relating to the use of pulmonary artery pressure lines using this technique are shown in Table 3 . It is worth noting that the complications such as bleeding on removal and catheter retention which can be encountered with the transthoracic route were totally eliminated.
DISCUSSION
Increased pulmonary artery pressure and pulmonary vascular resistance after repair of congenital heart disease with left-to-right shunts of pulmonary Swan-Ganz catheters are technically difficult to insert in infants and small children, frequently requiring fluoroscopy; in addition, they are expensive and small Swan-Ganz catheters are not readily available in many centres 3, 4 . Complications reported after transthoracic insertion of intracardiac monitoring lines are of two general types: (a) catheter retentionthe catheter cannot be physically removed and requires local exploration, subxiphoid removal or reexploration after sternotomy; (b) intrapericardial bleeding-sequelae of bleeding may include a requirement for transfusion, bleeding of sufficient quantity and severity to prompt re-exploration and suturing of the insertion site, cardiac tamponade requiring CPR or re-exploration sternotomy and even death 2, 5 .
As an alternative to Swan-Ganz catheterization or transthoracic monitoring lines, we routinely utilize a percutaneous pulmonary artery pressure line insertion in high-risk infants and children. Such a technique has been previously reported in four patients in a series of twenty high-risk infants and neonates, the PAP monitoring line being placed percutaneously via the internal jugular vein 6 .
Our experience with the use of this technique has demonstrated that the method is safe, simple and practical in patients undergoing open cardiac surgical procedures. It has the distinct advantage that there is no concern regarding postoperative bleeding after removal of the catheter 7 . Our commonest complication has been transient arrhythmias due to contact of the catheter tip or guidewire with the right ventricle during insertion. This has not required any treatment other than withdrawal of the catheter or guidewire by 1 to 2 cm. The catheter is not flow-directed, hence the majority of the catheters need direct placement of the catheter tip into the pulmonary artery by the surgeon.
